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(57) Abstract: A method to be performed by a network sys- 
tem is proposed, for P2P communication to cancel interfer- 
ence, comprising steps of: determining the redundant code 
group information, according to the code group usage infor- 
mation of the cell in which two U Es to establish P2P con- 
nection camp and its adjacent cells; detecting the relative po- 
sition between said two UEs and each of other active UEs 
in communication state in the cell where said two UEs are 
camping and its adjacent cells; if at least one UE of said two 
UEs causes radio interference to at least one of said active 
UEs according to the relative position, further determining 
whether said UE and said active UE are assigned in the same 
time slot; selecting a scrambling code from the redundant 
code group information and assigning it to said two UEs if 
said UE and said active are assigned in the same time slot, so 
that said two UEs can perform scrambling operation by us- 
ing said scrambling code on P2P signals transferred between 
said two UEs. 
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A method and apparatus for mitigating P2P interference in 
P2P-enabled communication systems 

Field of the Invention 

The present invention relates generally to a communication method and 
apparatus for TDD CDMA (Time Division Duplex Code Division Multiple 
Access) communication systems, and more particularly, to a method and 
apparatus for mitigating P2P interference in P2P -enabled communication 
systems. 

Bacicground of the invention 

In conventional Cellular mobile communication systems, a UE (user 
equipment) has to communicate with another UE only through the relaying of 
base stations regardless of the distance between the two UEs. Fig. 1 
illustrates this conventional communication mode, where UE1 and UE2 
exchange information through the UTRAN consisting of the ba se station 
transceiver (namely Node B) and the RNC, and this communication mode is 
also called UP -UTRAN -DOWN mode. However, in some cases when the 
distance between two UEs in the same cell is very close, it can be a more 
reasonable way for them to communic ate directiy, rather than through the 
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relaying of base stations. This method is the so -called peer-to-peer 
communication, abbr. as P2P. 

Fig. 2 illustrates a P2P communication mode . As shown in Fig. 2, where 
the dashed line represent signaling link, the solid line represents data link 
and the arrowhead represents direction of information flow. Only signaling 
link exists between the (JTRAN and the UE, while only data link exists 
between the two communicating UEs. Assume that only resource for 
maintaining basic communication is needed. If a direct link is taken as one 
unit of radio resource (with fixed frequency, timeslot and spreading code), it 
can be easily drawn that P2P communication mode only needs two units of 
radio resource to maintain basic communication . If additional signaling cost 
for management is ignored, P2P communication can save about 50% radio 
resource than conventional communication mode. Meanwhile, the UTRAN 
still holds control over P2P communication, especially over how to use radio 
resources, so that network operators can easily charge for the radio resource 
used in P2P communication. 

It is commonly accepted thiat a Time Division Duplex (TDD) air interface 
is a communication standard that offers a more fle)dble adaptation to 
different uplink and dov\/nlink traffic requirements. Among existing 3G 
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systems based on TDD communication scheme , TD-SCDMA (Time Division 
- Synclironization Code Division Multiple Access) system is an ideal 
communication system to be most suitable for the combination of P2P 
communication mth conventional communication mode , because the same 
carrier frequency is applied in both uplink and downlink communications, 
which can simplify the RF (Radio Frequency) module of the user equipment . 

A method and apparatus for establishing P 2P communication in wireless 
communication networks, as described in the patent application entitled ''A 
Method and Apparatus for Establishing P2P Communication in Wireless 
Communication Networks", filed by KONINKLIJKE PHILIPS ELECTRONICS 
N.V. on March 7^, 2003. with the application Serial NO. 03119892.9. is 
suitable to any TDD CDMA communication system including TD -SCDMA 
systems, and incorporated herein as reference. 

A method and apparatus for radio link establishment and maintenance 
with P2P communication in wireless communication networks, as described 
In the patent application entitled "A Method and Apparatus for Radio Link 
Establishment and Maintenance with P2P Communication In Wireless 
Communication Networks", filed by KONINKLIJKE PHILIPS ELECTRONICS 
N.V. on March 7"", 2003, with the application Serial NO. 03119895.3. is 
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suitable to any radio communication system including TD -SCDMA systems, 
and incorporated herein by reference . 

After establishing uplink synchronization with the UTRAN through the 
same random access procedure as existing TD -SCDMA systems, the UE 
can establish a P2P direct link with another UE, with the method and 
apparatus as described in the patent application with the application Serial 
NO. 03119892.9, i.e.: allocating corresponding dedicated resource for two 
P2P UEs. Then, a direct link between the two UEs can be established and 
maintained in accordance with the method and apparatus as described in the 
patent application with the application NO. 031 19895.3, so that the two UEs 
can receive and transmit P2P signals in the allocated timeslots respectively, 
and thus P2P communication between two UEs can be achieved. 

However, the introduction of P2P communication changes the 
conventional UP-UTRAN-DOWN communication mode in TD -SCDMA 
communication systems. Thus, when conventional link shares the same 
timeslot with P2P link, conventional uplink and/or downlink communications 
will unavoidably produce interference with the communication in P2P link, 
which will likely deteriorate the performance of P2P-enabled TDD CDMA 
communication systems seriously. 
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Fig.3 shows the various possible interferences caused by introducing 
P2P in TD-SCDMA communication systems. Signal S2 sent from UE A to UE 
B shares the same uplink timeslot with signal S1 sent from UE C to base 
station B, so UE B can receive P2P signals from UE A as well as radio 
signals from UE C when UE B receives signals in the uplink timeslot if it fells 
within the radio range of UE C, and at this time, signal S1 sent by UE C 
becomes interfering signal 11 for UE B, and signal S2 sent by UE A becomes 
interfering signal 12 for the base station. Similariy, if UE C fails within the P2P 
radio range of UE B, when signal S4 sent from UE B to UE A shares the 
same downlink timeslot vs/ith signal S3 sent from bas e station B to UE C, 
signal S4 becomes interfering signal 14 for UE C while signal S3 becomes 
interfering signal 13 for UE A. Moreover, when radio interference is produced 
between P2P communicating pair UE A -B and P2P communicating pair UE 
D-E by sharing the same timeslots, there are interfering signals 15 and 16. 

As for the above interfering signal 12, detailed descriptions are 
respectively given to two methods and apparatuses for mitigating interfering 
signal 12, as proposed in the patent application entitled "A Method and 
Apparatus for Maintaining Uplink Synchronization with P2P Communication 
in Wireless Communication Networks", filed by KONINKLIJKE PHILIPS 
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ELECTRONICS N.V. on March 7*^, 2003, with the application Serial NO. 
03119894.5, and another patent application entitled "A Method and 
Apparatus for Maintaining Uplink Synchronization with P2P Connmunication 
in Wireless Comnnunication Networks", filed by KONINKLIJKE PHILIPS 
ELECTRONICS N.V. on May 19**^, 2003, with the application Serial NO. 
03123738.x, and incorporated herein by reference . 

A method and apparatus is proposed for mitigating interfering signal 13, 
as described in another patent application entitled "A Method and Apparatus 
for Supporting P2P Communication in TDD CDMA Communication Systems 
filed by KONINKLIJKE PHILIPS ELECTRONICS N.V. on April 11*^. 2003. 
with the application Serial NO. 03110415.0, and incorporated herein by 
reference. 

As for the above interfering signals 11, 14, 15 and 16, an intelligent 
dynamic channel allocation method and apparatus is proposed for mitigating 
interfering signals II, 14, 15 and 16, as described in another patent application 
entitled "A Method and Apparatus for Supporting P2P Communication in 
TDD CDMA Communication Systems", filed by KONINKLIJKE PHILIPS 
ELECTRONICS N.V. on May 19*^, 2003. with the application Serial NO. 
03123740.1, and incorporated herein by reference . 
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The basic principle of the intelligent dynamic channel allocation method 
is: when the UEs performing P2P communication via P2P link fall within the 
radio range of other UEs or other UEs fall within the radio range of the UEs . 
performing P2P communication via P2P link, different timeslots can be 
allocated to these UEs by using the intelligent dynamic channel allocation 
method, to avoid the above interfering signals 11, 14, 15 and 16 caused by 
sharing the same timeslots. 

But according to communication protocols, each TD -SCDMA sub-frame 
only has 7 timeslots and with one timeslot of those for downlink common 
control channel, so only 6 timeslots is actu ally available in each sub -frame. 
Assumed that when two UEs are performing P2P communication, two 
different timeslots are needed for their P2P link. According to the above 
intelligent dynamic channel allocation method, in the radio range of the two 
P2P communicating UEs, only t^o pairs of UEs can establish two pairs of 
P2P links (using 4 different timeslots) at the same time. This could not satisfy 
practical requirement in many cases such as in hot spots, and therefore 
impose limitation s on P2P applications , especially when the supported P2P 
radio range increases. 

Summary of the Invention 
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An object of the present invention is to provide a method and apparatus 
for mitigating P2P interference in P2P -enabled communication systems, 
capable of effectively mitigating tiie above interfering signals 11, 14, 15 and 16 
caused by introducing P2P communication mode in TDD CDMA 
communication systems. 

Another object of the present invention is to provide a method and 
apparatus for mitigating P2P interference in P2P -enabled communication 
systems, capable of effectively mitigating the above interfering signals 12 and 
13 caused by introducing P2P communication mode In TDD CDMA 
communication systems. 

A method for mitigating P2P interference in accordance with the present 
invention, performed by a network system, comprises: determining the 
redundant code group information, according to the code group usage 
information of the cell on which two UEs attempting to establish P2P link are 
camping and its adjacent cells; detecting the re tative position between said 
two UEs and each of other active UEs in communication state in said cell 
where said two UEs are camping and its adjacent cells; if radio interference 
is caused between at least one of said two UEs and at least one of said 
active UEs according to the relative position, further determining whether 
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said UE and said active UE are allocated in the same timeslot; if said UE and 
said active UE are allocated in the same timeslot. selecting a scrambling 
code from the redundant code group information and assigning it to said two 
UEs, so that said two UEs can perform scrambling operation by using said 
scrambling code on P2P signals to be transferred between said two UEs. 

A method for mitigating P2P interference in accordance with the presen t 
invention, performed by a UE, comprises: acquiring the code group usage 
information of the cell where said UE is camping through cell search 
procedure; reading the code group usage information of its adjacent cells 
through adjacent cell search procedure; sending the code group usage 
information of the cell where said UE is camping and its adjacent cells to the 
network system; receiving a scrambling code assigned by said network 
system, said scrambling code being assigned to said UE by said network 
system through selecting from the redundant code group information 
determined by said network system according to said code group usage 
information; and performing scrambling operation by using said scrambling 
code on P2P signals to be sent or the received P2P si gnals. 

Brief Description of the Drawings 

For a detailed description of the preferred embodiments of the invention, 
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reference will now be made to the accompanying drawings in which: 

Fig.1 Is a schematic diagram illustrating two UEs communicate through 
the relaying of base stations in conventional communication mode; 

Fig.2 is a schematic diagram Illustrating two UEs communicate in P2P 
communication mode; 

Fig.3 is a schematic diagram illustrating various interfering signals 
caused by introducing P2P communicat ion mode in TD-SCDMA systems; 

Fig.4 illustrates the code group allocation in TD -SCMDA systems; 

Fig.5 illustrates the auto-correlation and cross -correlation 
characteristics of scrambling codes in TD-SCDMA systems; 

Fig.6 illustrates the method for mitigating P2P interference by using 
scrambling codes to be executed by UE1, UE2 and the UTRAN in 
accordance with the present invention; 

Fig.7 illustrates the hardware structure of UE1, UE2 and the UTRAN for 
mitigating P2P interferences by using scrambling codes in accordance with 
the present invention. 

Detailed Description of the Invention 

The method for mitigating P2P interference in the present invention. 
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performs scrambling operation on the P2P signals to be transmitted, by 
exploiting unused scrambling codes of t he cell where the P2P UEs are 
camping and its adjacent cells, thus interfering signals caused by introducing 
P2P communication can be mitigated because scrambling codes have good 
characteristics of auto -correlation and cross -correlation. 

The following section will first give a brief introduction about scrambling 
codes and their auto-correlation and cross -correlation characteristics 
Involved in the present invention, by taking TD-SCDMA system as an 
example. 

Scrambling code is a series of alphanumeric sequences with fixed 
length (for example, TD-SCDMA system adopts scrambling sequences with 
length as 16). Data scrambling operation is to perform multiplication 
operation on spread data with scrambling code sequence chip by chip after 
data symbols are spread. Different from spreading operation or namely 
channelization operation that spreads signal bandwidth for distinguishing 
different subscribers (code division channel), scrambling operation is to 
specify cell property of the signal and won 't change signal bandwi dth. 

In TD-SCDMA system, ttiere are total ly 128 scrambling codes defined. 
These scrambling codes, together with 32 SYNC_DL codes, 256 SYNC_UL 
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codes and 128 Midamble codes, are divided into 32 code groups. Each code 
group is composed of 1 SYNC_DL code, 8 SY NC_UL codes. 4 Midamble 
codes and 4 scrambling codes, as shown in Fig .4. Different adjacent cells 
use different code groups. For a UE, once the SYNC_DL code used by a cell 
is identified, we can also know the related SYNC^UL codes, Midamble codes 
and scrambling codes used by the cell. 

In TD-SCDMA systems, a UE obtains the code group usage information 
of its cell through cell search procedure. First, the UE searches for the 
SYNC_DL code in DWPTS by using MF (match filter). Then, the UE can 
identlly the code group used by the cell, i.e. the 8 SYNC_UL codes, 4 
Midamble codes and 4 scrambling codes, according to the SYNC_DL code. 

During cell search phase, the UE can obtain the code group usage 
information of the cell where it is camping, by using the above method , as 
well as the code group usage information of its adjacent cells through 
reading the system information broadcast over the BCH. 

The base station and UEs in each cell have limited transmission power, 
so the UEs camping on a cell can only receive radio si gnals from Its cell and 
adjacent cells at most. Thus, if we scramble the P2P signals to be 
transmitted by the UE. with scrambling codes in the redundant code groups 
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Other than the code groups allocated to its cell and adjacent cells, it won 't 
bring much influence on communications in its cell and adjacent cells. 

This invention exploits scrambling codes in the redundant code groups 
other than the code groups allocated to the cell where the UE camps and 
adjacent cells, to scramble the P2P signals to be transm itted by the UE, 
which effectively mitigates the above interfering signals 11, 14, 15 and 16. 

Scrambling codes can be used for distinguishing signals of different 
cells, and identifying P2P signals sent by UEs, due to good characteristics of 
auto-correlation and cross -correlation. Fig .5 shows the auto -correlation and 
cross-correlation characteristics of scrambling codes in different code groups. 
In Fig.5 , scrambling code 0 (belonging to code group 1) and scrambling 
code4 (belonging to code group 2) are tak en as instances for analysis, from 
which we can find that the scrambling codes can reduce the undesired signal 
level besides the channelization code spreading gain. 

For example, Table 1 shows the auto -correlation output of the 
scrambled signals in the correlator of the UE, taking an example that the 
synchronization precision scope is from -1 chip to +1 chip and the precision 
step is 0.125 code chip . From table 1 it can be seen, when the desired signal 
and the interfering signal arrive at the UE completely synchronously, the 
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auto-correlation output gain of ttie desired signal is 16; when the 
synchronization precision is Va (0.25) chip, the auto-correlation output gain of 
the desired signal is 10.75. 

Table 2 shows the cross-correlation output of the scrambled signals in 
5 the correlator of the UE. From table 2 it can be seen, when the desired signal 
and interfering signal amVe at the UE completely synchronously, the 
cross-correlation output gain of the interfering signal is 0; when the 
synchronization precision is % (0.25) chip, the cross-correlation output gain 
of the interfering signal is 0.25-0.75. 
10 Table 1. The auto-conrelation output of the scrambled signals in the 

correlator of the UE 



Synchronization slilft 
(chip) 


Auto-correlation 
output gai n 


-0.875 


-2.3750 


-0.75 


0.2500 


-0.625 


2.8750 


-0.5 


5.5000 


-0.375 


8.1250 
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-0.25 


10.7500 


-0.125 


13.3750 


0 


16.0000 


0.125 


13.3750 


0.25 


10.7500 


0.375 


8.1250 


0.5 


5.5000 


0.625 


2.8750 


0.75 


0.2500 


0.875 


-2.3750 



Table 2. The cross -correlation output of the scrambled signals in the 
correlator of the UE 



Synchronization sliift 
(chip) 


Cross -correlation 
output gain 


-0.875 


0.8750 


-0.75 


0.7500 


-0.625 


0.6250 
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-0.5 


0.5000 


-0.375 


0.3750 


-0.25 


0.2500 


-0.125 


0.1250 


0 


0 


0.125 


0.3750 


0.25 


0.7500 


0.375 


1.1250 


0.5 


1.5000 


0.625 


1.8750 


0.75 


2.2500 


0.875 


2.6250 



Based on the above analysis, we can see that scrambling codes do 
have very nice auto -correlation and cross -correlation characteristics. 

If better practical results are to be achieved with the interference 
mitigation method by exploiting scrambling codes in the redundant code 
5 groups in accordance with the present invention, the P2P -enabled 



wo 2005/046259 



PCT/1B2004/052317 



17 

communication system should satisfy three conditions: (1) Adjust the 
P2P-supported radio range suitably, with the result that signals s crambled by 
the UE with scrambling codes in the redundant code groups can only be 
transferred within the cell where the UE is camping and its adjacent cells 
rather than in other farther cells. Thus, the UE can exploit scrambling codes 
in the redundant code groups other than the code groups used by the cell 
where the UE is camping and its adjacent cells, to scramble the P2P signals 
to be transmitted by the UE. (2) Synchronization scheme of the 
communication system should be designed, so that the Interfering signal and 
the desired signal can am've at the UE within a defined synchronization 
precision range (for example, from -Vi chip to % chip). Thus, the influence 
caused by the interfering signal upon the system can be reduced through 
exploiting the good auto -correlation and cross -correlation characteristics of 
the above scrambling codes within a defined synchronization precision range. 
(3) Different scrambling codes in different redundant code groups are 
allocated for different channels that are affected by th e above interfering 
signals 11, 14, 15 and 16. so that the Rx UE can correctly identify the desired 
traffic data. When communication systems can satisfy the above three 
conditions, interference of the undesired data to the communication link can 
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be mitigated. This means, so far as tlie synchronization precision for the 
interfering signal and the desired signal to arrive at the UE can be enough, 
undesired traffic data within the P2P -supported radio range are scrambled 
signals in the Rx UE and will be processe d as white noise by the Rx UE. 

5 A detailed description will be given below to illustrate how the method 

for mitigating interferences by exploiting scrambling codes is executed by 
UE1, UE2 and the UTF^N in P2P -enabled communication systems in 
accordance with the present invention, in conjunction with Fig.6. 

UE1 and UE2 canry out cell search procedure after powering on . During 

10 cell search procedure, UE1 and UE2 who attempt to establish P2P link are 
generally very close, so they should be able to get the same c ell. As noted 
above, UE1 and UE2 can obtain the code group usage information of the cell 
where they are camping and its adjacent cells during cell search procedure 
(step S10). After obtaining the code group usage information, UE1 and UE2 

15 send the code group usage information to Vne UTRAN (step S20). The 
UTRAN determines the redundant code group information based on the 
proactive knowledge of network planning, according to the received code 
group usage information (step 30). That means, the redundant code gr oup 
infomiation relates to the code groups not used by the cell where UE1 and 
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UE2 are camping and its adjacent cells. 

Herein, the UTRAN can obtain the code group usage Information of the 
cell where UE1 and UE2 are camping and its adjacent cells through 
receiving report messages from UE1 and UE2, or determine the code group 
usage information according to the code group information pre -assigned to 
the cell \Nhere UE1 and UE2 are camping and its adjacent cells when the 
network was planned. The redundant code gr oup information can be 
determined by the UTRAN according to the code group usage information. 
Alternatively. UE1 and UE2 determine their respective redundant code group 
information after determining their respective code group usage Information, 
and then report the redundant code group information to the UTRAN 
respectively. (UE1 is generally very close to UE2, so they report the same 
redundant code group information. ) 

After determining the redundant code group infomiation, the UTRAN 
builds a redundant scrambling codes resource pool, for storing the 
scrambling codes in the redundant code group information (step S40). 

UE1 and UE2 attempt to establish P2P link according to the method 
and apparatus as described in the above application with the application 
Serial NO. 03119895.3 (step S50). 
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The UTRAN measures the relation position of UE1 and UE2 and each 
of other active UEs communicating in the cell where UE1 and UE2 are 
camping and its adjacent cells (step S60), and determines whether radio 
interference will be produced between UE1 and UE2 and each of other 
active UEs, according to the P2P radio range between UE1 and UE2 and the 
radio range between UE1 and UE2 and each of other active UEs, that is, to 
detect whether UE1 and/or UE2 ^11 within the radio range of ea ch of other 
active UEs and whether each of other active UEs falls within the P2P radio 
range of UE1 and/or UE2 (step S70). 

If radio interference won 't be produced between UE1 and UE2 and 
each of other active UEs, the UTRAN allocates radio resource for P2P 
communication to UE1 and UE2 in conventional way (step S80). 

If interference will be produced between UE1 and UE2 and each of 
other active UEs, it shows that UE1 and/or UE2 fall within the radio range of 
some active UE and thus the UTRAN marks the active U E, for example 
setting the related record flag as 1. If some active UE falls within the P2P 
radio range of UE1 and/or UE2, the UTRAN marks the active UE, for 
example, also setting the related record flag as 1 (step 890). 

The UTRAN detects the timeslot usag e information of each active UE 
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that has been marked as above (step S100). Then, the UTRAN determines 
whether each active UE shares the same timeslot with UE1 and UE2 (step 
S110). If each active UE is not allocated in the same timeslot as UE1 and 
UE2, the UTRAN allocates radio resource for P2P communication to UE1 
and UE2 as normal (step SBO). That is, UE1 and UE2 scramble the P2P 
signals to be transmitted, by using a scrambling code in the code group to 
which their cell belongs. Otherwise, if each active U E is allocated in the 
same timeslot as UE1 and/or UE2, the UTRAN selects a redundant 
scrambling code from the above redundant scrambling codes resource pool, 
and allocates it to UE1 and UE2 along with radio resource such as timeslot, 
channelization code an d etc (step S120). After selecting the scrambling code 
from the redundant scrambling codes resource pool and allocating it to UE1 
and UE2, the UTRAN updates the scrambling code record in the redundant 
scrambling codes resource pool (step S130). 

UE1 and UE2 scramble the P2P signals to be transferred between UE1 
and UE2, by exploiting the above radio resource including scrambling code 
allocated by the UTRAN, so as to enable P2P communication via the P2P 
link (step S140). During P2P communication procedure, the UTRAN keeps 
on monitoring whether the radio resource allocated for the P2P link will 
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change (step SI 50). The scrambling code for the P2P link will maintain the 
same during the communication unless radio resource is changed for the 
P2P link, especially wh en timeslot is changed. If the radio resource allocated 
for the P2P link changes, the UTRAN iterates the above steps from S60 to 
S150, to judge whether a new scrambling code needs to be allocated to UE1 
and UE2. 

When P2P communication ends, UE1 and UE2 rel ease the radio 
resource including the scrambling code (step S160), and update the 
scrambling code record in the above redundant scrambling codes resource 
pool (step S1 70). 

The above method for supporting P2P communication in TD -SCDMA 
systems as described in conjunction with Fig.4. Fig.5 and Fig. 6 in 
accordance with the present invention, can be implemented In computer 
software, or hardware, or in combination of software and hardware. 

Fig.7 illustrates the stmcture of UE1 and UE2 and the UTRAN for 
mitigating P2P interferences implemented in hardware. In UE1 20O, an 
acquiring unit 220 acquires the code group usage information of the cell 
where UE1 is camping tiirough cell search procedure; reading unit 230 reads 
the code group usage infomiation of the adjacent cells through adjacent cell 
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search procedure; sending unit 210 sends the code group usage information 
of the cell where UE1 is camping and its adjacent cells to UTRAN 100. 
Similarly, in UE2 300, acquiring unit 320 acquires the code group usage 
information of the cell where UE2 is camping through cell search procedure; 
reading unit 330 reads the code group usage information of the adjacent 
cells through adjacent cell search procedure; sending unit 310 sends the 
code group usage information of the cell where UE2 is camping and its 
adjacent cells to UTRAN 100. Receiving unit 110 In UTRAN 100, receives 
code group usage information of the cell where UE1 or UE2 are camping and 
its adjacent cells from UE1 and UE2; first determining unit 120 determines 
the redundant code group information according to the code group usage 
infonnation. The first determining unit 120 can also determine the redundant 
code group information according to the code group usage information 
pre-allocated to the cell where UE1 and UE2 are camp ing and ite adjacent 
cells. 

A measuring unit 140 measures the relative position between UE1 and 
UE2 and each of other active UEs in communication state in the cell where 
said two UEs are camping and its adjacent cells. When radio interferences 
are caused between UE1 and/or UE2 and several active UEs, that is, when 
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UE1 and/or UE2 fall within the radio range of the several active UEs and the 
several active UEs fall within the radio range of UE1 and/or UE2, a second 
determining unit 150 further determines whet her UE1 and/or UE2 and the 
several active UEs are allocated in the same timeslot according to the 
relative position; if the second determining unit 150 determines UE1 and/or 
UE2 and one of the several active UEs are allocated in the same timeslot, 
selecting unit 130 selects a scrambling code from the redundant code group 
infomiation and assigning it to UE1 and UE2. so friat the two UEs can 
scramble the P2P signals to be transferred between said two UEs by using 
the scrambling code. 

Receiving units 240 and 34 0 in UE1 and UE2, respectively receive the 
above scrambling code allocated by the UTRAN. Let 's suppose UE1 is 
transmitting P2P signals to UE2, scrambling unit 250 in UE1 scrambles the ■ 
P2P signals to be transmitted by using the scrambling code, and transmit s 
the scrambled P2P signals to UE2 via sending unit 210. Receiving unit 340 
in UE2, receives the scrambled P2P signals, and de -scrambles the received 
scrambled P2P signals by using the above allocated scrambling code 
through de-scrambling unit 360, to obtain the original signals from UE1. 
Contrarily, if UE2 transmits P2P signals to UE1, UE2 and UE1 will scramble 
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or de-scramble the P2P signals between them by respectively using 
scrambling unit 350 and de -scrambling unit 260. 

Industrial Applicability of the I nvention 

As described above, with regard to the P2P interference mitigation 
method in P2P -enabled communication systems as provided in the present 
invention, P2P signals to be transmitted by the UE are scrambled by using 
scrambling codes in the redundant c ode groups other than the code groups 
allocated to its cell and adjacent cells, which effectively mitigates the above 
Interfering signals II, 14, 14 and 16. Furthermore, it can mitigate interfering 
signals 12 and 13 effectively. 

It is to be understood by those skilled in the art that the P2P 
interference mitigation method and apparatus in P2P -enabled 
communication systems as disclosed in this invention is not limited herein for 
TD-SCDMA systems, but also applicable to be used for multi-hop 
communication and ad hoc communication in CDMA systems. 

It is also to be understood by those skilled in the art that the P2P 
interference mitigation method and apparatus in P2P -enabled 
communication systems as disclosed in this invention can be modified 
considerably without departing from the spirit and scope of the invention as 
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defined by the appended claims . 
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What is claimed is: 

1. A method for mitigating P2P interferences, performed by a network 
system, comprising steps of: 

(a) determining the redundant code group information, according to the 
code group usage information of the cell on which two UEs (User 
Equipments) attempting to establish P2P link camp and its adjacent cells; 

(b) selecting a scrambling code from the redundant code group 
information and assigning it to the two UEs, so tiiat the two UEs can perform 
scrambling operation on P2P signals to be tran sferred between the two UEs 
by using the scrambling code. 

2. The method as claim 1 , further comprising: 

(i) measuring the relative position between said two UEs and each of 
otiier active UEs in comnnunication state in the cell where said two UEs are 
camping and its adjacent cells; 

(ii) if at least one of said two UEs causes radio interference with at least 
one of said active UEs according to the relative position, further determining 
whether said UE and said active UE are assigned in the same timeslot; 

wherein said step (b) is executed if said UE and said active UE are 
assigned in the same timeslot. 
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3. The method as claim 2, wherein step (a) Includes: 

(a1) receiving the code group usage information of said camping cell 
and its adjacent cells transmitted by sai d two UEs; 

(a2) determining said redundant code group information according to 
said code group usage information. 

4. The method as claim 2, wherein step (a) includes: 

determining Vne redundant code group infonmation according to the 
code group usage information pre-assigned to said camping cell and its 
adjacent cells. 

5. The method as claim 2, wherein step (i) includes: 

detecting whether said two UEs fall within the radio range of each of 
said active UEs; 

detecting whether each of said active UEs falls with in the radio range of 
said two UEs. 

6. The method as claim 2, further comprising: 

(c) reclaiming said scrambling code when P2P communication ends. 

7. A method for mitigating P2P interferences, perfomned by a UE(User 
Equipment), comprising steps of: 

(A) acquiring the code group usage information of the cell where the UE 
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is camping through cell search procedure; 

(B) reading the code group usage information of the adjacent cells 
through adjacent cell search procedure; 

(C) sending the code group usage infbrmati on of the cell where the UE 
is camping and its adjacent cells to a network system. 

8. The method as claim 7, further comprising: 

(D) receiving a scrambling code assigned by said network system, the 
scrambling code being assigned to the UE by said network s ystem through 
selecting from the redundant code group information determined by said 
network system according to said code group usage information. 

9. The method as claim 8, further comprising steps of: 

(E1) performing scrambling operation on P2P signals t o be sent by the 
UE by using said scrambling code; 

(F1) sending the scrambled signals to another UE having established 
P2P link with the UE. 

10. The method as claim 8 or 9. further comprising steps of: 

(E2) receiving the scrambled P2P signals from another UE having 
established P2P link with the UE. wherein the scrambled P2P signals is 
scrambled by the another UE by using a scrambling code assigned by said 
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network system; 

(F2) de-scrambling the scrambled P2P signals to obtain information 
from said another UE by using said scrambling code assigned to the UE. 

11. A network system capable of mitigating P2P interferences, 
comprising: 

a first determining unit, for determining the redundant code group 
information according to the code group usage Information of the cell where 
two UEs attempting to establish P2P link are camping and its adjacent cells; 

a selecting unit, for selecting a scrambling code from the redundant 
code group information and assigning it to the two UEs, so that the two UEs 
can perform scrambling operation by using the scrambling code on P2P 
signals to be fransferred between the two UEs. 

12. The network system as claim 11, further comprising: 

a measuring unit, for measuring the relative position between said two 
UEs and each of other active UEs in communication state in the cell where 
said two UEs are camping and its adjacent cells; 

a second determining unit, for when at least one of said two UEs 
causes radio interference with at least one of said active UEs, further 
determining whether said UE and said active UE are assigned in the same 
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timeslot according to the relative position; 

said selecting unit, for selecting said scrambling code from said 
redundant code group information when the second determining unit 
deternnines that said UE and said activ e UE are assigned in the same 
timeslot. 

1 3. The nebA^ork system as claim 12, further comprising: 

a receiving unit, for receiving the code group usage information of said 
camping cell and its adjacent cells transmitted by said two UEs; 

said first determining unit, for determining said redundant code group 
information according to said code group usage information. 

14. The network system as claim 12. wherein said first determining unit 
determines the redundant code group information according to the code 
group usage information pre -assigned for said camping cell and its adjacent 
cells. 

15. The network system as claim 12, wherein said measuring unit, for 
measuring whether said two UEs fall within the radio range of each of said 
active UEs, and measuring whether each of said active UEs falls within the 
radio range of said two UEs. 

16. A UE (User Equipment), comprising: 
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an acquiring unit, for acquiring the code group usage Information of tine 
cell where the UE Is camping through cell search procedure; 

a reading unit, for reading the code group usage information of the 
adjacent cells through adjacent cell search procedure; 

a sending unit, for sending the code group usage information of the cell 
where the UE is camping and its adjacent cells to a network system. 

17. The UE as claim 16, further comprising: 

a receiving unit, for receiving a scrambling code assigned by said 
network system, the scrambling code being assigned to the UE by said 
network system through selecting from the redundant code group 
information determ ined by said network system according to said code group 
usage information. 

18. The UE as claim 17, further comprising: 

a scrambling unit, for performing scrambling operation on P2P signals 
to be sent by the UE by using the scrambling code; 

said sending unit, for sending the scrambled signals to the other UE 
having established P2P link with the UE. 

19. The UE as claim 17 or 18, wherein, said receiving unit receives 
scrambled P2P signals from another UE having established P2P link with the 
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UE, the scrambled P2P signals is scrambled by the another UE by using a 
scrambling code assigned by said network system; the UE further 
comprising: 

a de-scrambling unit, for de -scrambling said scrambled P2P signals to 
5 obtain information from said another UE by using said so rambling code 
assigned to the UE. 
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